Diseases of the cardiovascular system (myocardial infarction, stroke, heart failure, hypertensive heart disease, cardiomyopathy) account for 40% of all deaths in men and up to 49% of all deaths in women. For a long time it was thought that the clinical picture of ischemic heart disease in men and women was similar. Now, however, there are more reports suggesting that diverse manifestations of the symptoms of ischemic disease may be related to differences between sexes.
Introduction
Cardiovascular diseases are still the leading cause of death, morbidity and disability, not only in Europe but around the world. Of non-communicable diseases leading to mortality, these form the largest percentages of cases for persons under the age of 70 years [1] . Indeed, diseases of the cardiovascular system (myocardial infarction, stroke, heart failure) account for 40% of all deaths in men and up to 49% of all deaths in women. For comparison, lung cancer accounts for 6% of this amount in men, while breast cancer causes death in 2% of all women [2] . In addition to the domestic and social consequences, cardiovascular disease also has an effect on a country's economy by significantly reducing the number of people of productive age. Importantly, cardiovascular diseases are not only currently the most common cause of death of women in Europe and the United States, but a constant increase in their frequency is seen. This is only partially explained by an aging population.
In recent years, more attention has been paid to assessing the impact of gender on the development of these diseases. Specifically, the aforementioned increase of morbidity and mortality from diseases of the Does gender influence the outcome of ischemic heart disease?
cardiovascular system was noted in women, resulting in quality of life issues through risk factors for cardiovascular disease. Hence, knowledge of the multidimensional effects of hypertension and other risk factors for cardiovascular disease is essential in reducing the real threat of cardiovascular disease in women, and thus improving their quality of life.
Particular attention should be paid to ischemic heart disease, as this dominates among cardiovascular deaths. In women, detection and evaluation of coronary heart disease is still a challenge, and early detection of the risk occurrence is very important. For example, women with suspected angina wherein pathological changes in coronarography were not detected often experience chest pain and have a higher probability of acute coronary syndrome than men [3] . Most recent reports highlight the significant role of sex in the incidence, course and mortality especially in the case of acute coronary syndromes. With regard to these, they result in a greater mortality in women compared to men. This difference is notably significant for patients under 75 years of age, as above that age, mortality from acute coronary syndrome is comparable [4, 5] . Sabbag et al. noted that the difference in mortality is particu-larly evident in patients less than 55 years old, wherein among females, researchers saw a greater proportion of in-hospital mortality, increased 30-day and 5-year mortality rate and a higher incidence of cardiac and cerebral complications within 30 days of the cardiac incident [6] . Other studies confirm the above-mentioned relationships, and through data mining, a larger 30-day mortality figure is seen for women under 60 years of age after ST elevation myocardial infarction (STEMI). Here, in terms of data capture, the forefront word string was "female", then "diabetes mellitus", "history of PCI", "heart rate" and Killip class of 2 or higher [7] .
The role of risk factors
In recognizing the importance of this issue, especially in women, it is crucial to pay attention to the leading risk factors for cardiovascular disease which directly increase the incidence of cardiovascular complications, stroke and myocardial infarction. These are hypertension, dyslipidemia and obesity. Among patients who experienced an acute cardiac event, women more often than men had diabetes (34% vs. 24%) and hypertension (47% vs. 37%) [3] . In addition, women were obese more often (25.5% vs. 18.5%), yet were less likely to be smokers [8] , although, recently, the number of young women who smoke has rapidly increased.
With regard to women, smoking increases cardiovascular risk to a greater extent than in men. In addition to other harmful activities, smoking a single cigarette causes an increase of blood pressure of 5-10 mm Hg for about 30 minutes. Furthermore, smoking only 1-4 cigarettes a day significantly increases a woman's risk of a heart attack, and smoking a greater number of cigarettes can accelerate the occurrence of acute coronary syndrome even 20 years after having quit smoking [9] .
There are several states and factors in the development of coronary heart disease in women that are unique, such as early menopause or menarche, and eclampsia, preeclampsia during pregnancy, as well as systemic inflammatory disorders [10, 11] . Moreover, as estrogens have a protective effect on the cardiovascular system, such a situation makes women who suffer from coronary heart disease show the effects about 10 years later than do men [12] . Therefore, postmenopausal women are considered to be at high risk of cardiovascular disease. Further, a reduction in ovarian function and a reduction in the level of estrogens during menopause induce accelerated aging of the vascular system. The effects include endothelial dysfunction and stiffening of the walls of the large arteries via an unspecified mechanism. Hence, there is a higher incidence of cardiovascular disease in women who have experienced premature menopause, independent of other risk factors such as hypertension, obesity and smoking [13, 14] .
The course of ischemic heart disease
For a long time it was thought that the clinical picture of ischemic heart disease in men and women was similar. Now, however, there are more reports suggesting that diverse manifestations of the symptoms of ischemic disease may be related to differences between the sexes. Thus, this should be considered when assessing patients with chest pain. It should be remembered that the specificity of the symptoms of angina in women may hinder/hamper making a proper diagnosis. In a study of 532 patients who had experienced an ST-elevation myocardial infarction, it was found that women are far less likely than men to experience chest pain (74% vs. 93%) during the incident. In addition, women are less likely to interpret the symptoms as being of heart origin. Hence, it has been concluded that being of female gender is the strongest predictor of non-chest presentation [15] .
This study also concluded that there was no difference between the sexes in the character of pain, but in women, pain radiating to the arm, neck and back is recorded twice as often as in men. In addition, women more often feel nausea, and fear often accompanies the above-mentioned symptoms [15] . Other studies have found that women more frequently experience atypical chest pain and receive higher Killip class scores (> 1). Furthermore, women develop cardiogenic shock more commonly during hospitalization than do men. They are also rated higher in the GRACE score (> 140) [3] .
There is a greater difference between the sexes in younger patients in the presentation of symptoms of myocardial ischemia. Women rarely present the classic symptoms (31% as compared with 42% in men), but more often feel weakness, palpitations, nausea, pain radiating to the jaw, shoulder or back and loss of appetite [16, 17] . Moreover, women rarely present symptoms within the first two hours of the start of ischemia, especially in patients under 60 years of age [7] . In connection with these atypical symptoms, female patients seek emergency medical help later than do men, have higher risk profiles during the admission, and have longer total ischemic times (414 min vs. 328 min) [3] . Additionally, on hospital admission, a greater percentage of women are haemodynamically unstable and frequently exhibit a ventricular systolic dysfunction (32.9% vs. 24.9%) [8] . Such a situation leads to reduced recognition of myocardial ischemia in women.
Diagnostic process
Diagnosing patients with chest pain is a challenge because of the diversity of the clinical picture of angina in women, as well as the different values generated through non-invasive diagnostic tests. Ascertaining the optimal method of treatment in women with suspected or known coronary artery disease has been the subject of numerous discussions. Herein, the restricted use or incorrect interpretation of non-invasive tests has led to the application of improper therapy and has enhanced the incidences of life-threatening cardiac events and ischemic complications in women [18, 19] .
Recent studies have shown that mortality after effectively performed percutaneous coronary intervention (PCI) in the case of STEMI is comparable between sexes [20] . In contrast, it was noted that women were treated significantly less invasively and were directed more often towards pharmacological treatment, as coronary stenting and bypass surgery were more frequently applied in treating men as compared to women [20] . Additionally, in the study of Sadowski et al., of a group of patients with STEMI, only 35.8% of all woman underwent primary PCI earlier than 12 hours from symptom onset, as compared with 44% of all men [21] .
In a higher proportion of women with chest pain, negative coronary arteriography is observed. Probably, the reason for this is the presence of non-obstructive atherosclerosis. This latter serves as a pathophysiological mechanism of ischemic heart disease (IHD) [22] . Recent reports show that women are less likely to undergo cardiac rehabilitation after an acute cardiac incident. This situation suggests a disturbing difference in the quality of medical care between genders. Indeed, differences are noticeable at every stage of the process of cardiac rehabilitation: from qualification, to performing the procedures. All this leads to the poorer quality of life and increased mortality in women, as compared to men, after acute cardiac incidents [23] .
The differences in results of diagnostic tests impact upon this. This distinction is particularly evident in the case of a diagnostic stress test. This is one of the basic studies in symptomatic women with normal ECG and moderate risk of coronary disease. Herein, women express a lower sensitivity and specificity in the detection of coronary artery disease (CAD) as compared to men [24] . In view of the fact that, in women, the basis of the symptoms of ischemic disease is often vascular remodeling and non-obstructive plaque, the results of applied tests should be interpreted differently. The traditional approach, defining a positive cardiac stress test, when it comes to a reversible ST segment depression of at least 1 mm, may lead to under-diagnosis in women [25] . Therefore, women with a normal stress test and abnormal ECG results should be regarded as being true positives for CAD.
In case of doubt as to the correctness of the stress test, the alternative is to perform stress echocardiography, as in such a test, the sensitivity and specificity are the same for both sexes [26] . In CAD diagnosis, single proton emission computed tomography (SPECT) and positive emission tomography (PET) are effective diagnostic tools especially with regard in patients with moderate cardiovascular risk. Herein, PET and SPECT demonstrate sufficient diagnostic accuracy in the evaluation of clinically significant coronary artery disease in women [27] .
Cardiovascular magnetic resonance (CMR) and multi-slice-computed tomography (MSCT) also show high predictive values in CAD diagnosis or in assessing the potential risk of cardiac events, and are especially valuable in patients with moderate risk of coronary disease. This allows the assessment of morphological changes in the coronary arteries, of calcifications and the size and severity of the stenosis. Moreover, they are useful in quantitative assessment of coronary flow and coronary reserve. CMR also allows for assessment of functional ischemic hypo-perfusion through pharmacological stimulation. It is important to note that both of these diagnostic tools retain the same sensitivity and specificity for both sexes [28, 29] .
Recently, MSCT has become more important in the diagnosis of ischemic heart disease. MSCT is particularly useful in the case of low and moderate risk of IHD because it allows for an exclusion of non-invasive atherosclerotic lesions in the coronary arteries (high negative predictive value), the evaluation of the degree of calcification and the potency of myocardial contractility.
The range of clinical applications of MSCT has expanded rapidly since its introduction due to the universality of this method (this also applies to magnetic resonance imaging), because it enables an overall evaluation of vascular and cardiac structures in one study.
An additional test, computed tomography angiography (CTA), allows the diagnostician to image the system of the coronary vessels, its lumen and the wall of vessels. Thus, it is widely used in the evaluation of the degree of coronary artery stenosis, of changes in the wall and vessel anomalies, in the structure of vascular malformations and myocardial bridging. In addition, MSCT gives the opportunity to evaluate the coronary calcium score index (CS), which is now considered as the primary method for defining the independent risk myocardial bridging factor for coronary events [30] .
Vascular and biological factors
Approximately 60% of all women who experience the symptoms of angina have neither significant stenosis in the coronary arteries, nor current massive atherosclerotic plaques [31, 32] . The presence of angina without significant vasoconstriction occurs more frequently in women than in men, and is associated with an increased risk of cardiac events in these patients [33] . This often results in under-diagnosis of females for ischemic heart disease and hence less frequent application of appropriate therapy. The aforementioned fact is one of the reasons for the higher mortality in women with coronary heart disease compared to men. This also translates into a decreased quality of life in patients with such symptoms. For women, the most likely causes of these phenomena and of worse outcomes in the course of coronary heart disease are vascular biological factors. These include smaller diameter of coronary vessels, less collateral flow and increased arterial stiffness [34] . Furthermore, coronary vasomotor disorders in the form of epicardial and microvascular dysfunction are more often seen in women.
In people without significant coronary artery disease, future cardiovascular events are limited to those who experienced a decrease of coronary blood flow in response to the intra-coronary infusion of acetylcholine. Thus, endothelial dysfunction is an independent predictor of cardiovascular events. Existing temporary or stable microvascular dysfunction, in turn, may contribute to the development of acute coronary syndrome by reducing coronary flow. This situation enhances the endothelial dysfunction in epicardial coronary arteries and can lead to thrombus formation [35, 36] . In the study of Aziz et al., in the acetylcholine spasm provocation test, vasomotor dysfunction was found significantly more often in women than in men (70.2% vs. 43.1%). Furthermore, a significant difference was observed on being dosed with acetylcholine. This gives positive results in both sexes, but in women a much lower dose induced vasoconstriction. Hence, this indicates that women are more sensitive to acetylcholine [37] .
These tests explain the phenomenon of absence of pathological changes in percutaneous coronary intervention (PCI) in patients with symptoms of cardiac angina. This is a serious problem in the treatment of women with ischemic heart disease because it is one of the most important causes of under-diagnosis in this group of patients. Therefore, in these cases, the diagnostic process of cardiac stress test, stress echocardiography, or cardiovascular magnetic resonance must be expanded so as to allow a proper assessment of myocardial ischemia.
Mental stress induced myocardial ischemia
Vasomotor dysfunction of the coronary arteries and their greater susceptibility to constriction under the influence of catecholamines is also the basis for other adverse events associated with ischemic heart disease. As evidenced, microvascular spasm-induced myocardial stress can be a cause of chest pain in the course of CAD [38] . Indeed, a study of 950 patients showed that women with stable IHD (in contrast to acute coronary syndrome) more often than men experienced symptoms of angina. Moreover, in this group of patients, women were twice as susceptible to the development of ischemia under the influence of psychological stress. No such phenomenon was observed in the male population. Therefore, it is concluded that women with stable IHD are more prone to the symptoms of angina under stress [39] . This phenomenon is called mental stress induced myocardial ischemia (MSIMI) and draws attention to the role of psychological factors in the course of CAD. MSIMI may also be responsible for symptoms of angina in patients, and increased episodes of chest pain can be a sign of mental stress. Herein, angina symptoms are usually associated with feelings of anxiety, chronic stress or depression [40] . MSIMI has also been twice as often identified in young patients with recent myocardial infarction. In this group, women were also found to have a worse psychological and sociodemographic profile than men, including lower income, less education, greater suffering from depression and greater exposure to chronic stress. In addition, more women take antidepressants [41] . Moreover, IHD is considered as the leading cause of disability and death in women in the United States [42] .
These studies indicate the role of mental stress in ischemic heart disease. It can be concluded that the above-mentioned dependences translate into a poorer quality of life of women with IHD. Therefore, it is important to take care of the psychological comfort of patients, especially women with symptoms of angina, and if necessary, provide adequate psychotherapy or drug therapy.
Conclusions
The differences between men and women in the course of ischemic heart disease often are already visible at the level of symptoms, which, in the case of acute coronary syndrome in women, occur less frequently and are often atypical, manifesting in the form of nausea, loss of appetite, or pain of the jaw and neck. Chest pain in women also appears later after the onset of ischemia. Therefore, in the case of acute coronary syndrome, women should be subject to special medical care, and the interpretation of diagnostic tests should take into account the differences between the sexes. In contrast to acute coronary syndromes, in the course of stable coronary heart disease, women more often experience chest pain and have a poorer quality of life, as compared to men.
The differences in effects in women and men are also evident in the diagnostic process, and various pathological mechanisms of myocardial ischemia in men and women affect the differences in the results of diagnostic tests. Such a realization is particularly important in the case of coronary angiography, where it should be remembered that the absence of significant coronary artery disease in symptomatic women does not mean that there was no myocardial ischemia. The reason for this is microvascular dysfunction. This is also responsible for the phenomenon of mental stress in-duced myocardial ischemia, where under the influence of emotional stress, the symptoms of angina are seen in patients with stable coronary artery disease.
Vasomotor dysfunction of the coronary arteries and their greater susceptibility to constriction under the influence of catecholamines is also the basis for other adverse events associated with ischemic heart disease. Vasomotor dysfunction is particularly frequent in woman, as their coronary vessels are more sensitive to the catecholamines released during mental stress, resulting in spasm and ischemic myocardium.
All these mentioned factors translate into higher mortality and poorer quality of life of women suffering from ischemic heart disease. Therefore, it is so important to provide better psychological support for women with stable CAD, to adapt the diagnostic process to the sex of the patient, to provide more effective treatment and to ensure cardiac rehabilitation in all women with IHD.
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